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TITLE: METHOD AND SYSTEM FOR TRANSMISSION OF SEISMIC DATA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[01] The present invention relates to seismic data acquisition, and more particularly to a 

method and system for transmitting data between multiple remote stations in an array and a 
data collection station utilizing a linked relay system to communicate therebetween 
permitting transmission paths to be altered. 

2. Description of the Prior Art 

[02] Seismic exploration generally utilizes a seismic energy source to generate an acoustic 

signal that propagates into the earth and is partially reflected by subsurface seismic reflectors 
(i.e. , interfaces between subsurface lithologic or fluid layers characterized by different elastic 
properties). The reflected signals are detected and recorded by seismic units having 
receivers or geophones located at or near the surface of the earth, thereby generating a 
seismic survey of the subsurface. The recorded signals, or seismic energy data, can then be 
processed to yield information relating to the lithologic subsurface formations, identifying 
such features, as, for example, lithologic subsurface formation boundaries. 

[03] Typically, the seismic units or stations are laid out in an array, wherein the array 

consists of a line of stations each having at least one geophone attached thereto in order to 
record data from the seismic cross-section below the array. For data over a larger area and 
for three-dimensional representations of a formation, multiple lines of stations maybe set out 
side-by-side, such that a grid of receivers is formed. Often, the stations and their geophones 
are remotely located or spread apart. In land seismic surveys for example, hundreds to 
thousands of geophones may be deployed in a spatially diverse manner, such as a typical grid 


configuration where each line of stations extends for 5000 meters with stations spaced every 
25 meters and the successive station lines are spaced 200 meters apart. 

Various seismic data transmission systems are used to connect remote seismic 
acquisition units to a control station. Generally, the seismic stations are controlled from a 
central location that transmits control signals to the stations and collects seismic and other 
data back from the stations. Alternatively, the seismic stations may transmit data back to an 
intermediate data collection station such as a concentrator, where the data is recorded and 
stored until retrieved. Whichever the case, the various stations are most commonly hard 
wired to one another utilizing data telemetry cable. Other systems use wireless methods for 
control and data transmission so that the individual stations are not connected to each other. 
Still other systems temporarily store the data at each station until the data is extracted. 

In the case of wired stations, typically several geophones are connected in a parallel- 
series combination on a single twisted pair of wires to form a single receiver group or 
channel for a station. During the data collection process, the output from each channel is 
digitized and recorded by the station for subsequent analysis. In turn, stations are usually 
connected to cables used to communicate with and transport the collected data to recorders 
located at either a control station or a concentrator station. 

In the case of wireless seismic units, each unit communicates with either a central 
control station or concentrator via radio transmissions. Transmissions are made either 
directly between each seismic unit and the control station or directly between each seismic 
unit and the concentrator. To the extent the transmissions are high power, long-range 
signals, such as between a seismic acquisition unit and a central control station, the 
transmissions generally require a license from the local governing authority. Units capable 


of such transmissions also have higher power requirements and thus require larger battery 
packages. To the extent the seismic acquisition units transmit to a concentrator station 
utilizing a low power, short-range signal, the transmitting and receiving units must typically 
have a line of site therebetween. 
5 [07] Illustrative of the prior art is U.S. Patent No. 6,070,129 which teaches a method and 

apparatus for transmitting seismic data to a remote collection station. Specifically, an 
acquisition unit having a geophone attached thereto communicates with a central station 
either directly by radio channels, or optionally, by means of an intermediate station. To the 
extent a large number of acquisition units are utilized, the patent teaches that each a plurality 

10 of intermediate stations may also be utilized, wherein each intermediate station directly 

communicates with a portion of the acquisition units. Intermediate stations may function as 
data concentrators and may also be utilized to control various tasks executed by their 
respective groups of acquisition units. Whether data is transmitted directly between an 
acquisition unit and the central station or directly between an acquisition unit and an 

1 5 intermediate station, the transmitting system accumulates seismic data, distributes the data 

over successive transmission windows and discontinuously transmits the data during 
successive transmissions in order to lessen variation in seismic data flow. 
[08] Similarly, U.S. Patent No. 6,219,620 teaches a seismic data acquisition system using 

wireless telemetry, in which a large number of remote seismic acquisition units are grouped 

20 together into a plurality of cells and each acquisition unit within a cell communicates directly 

with a cell access node, i.e., a concentrator, which in turn communicates with a central 
control unit. This patent teaches that in order to avoid overlap between transmitting seismic 
units within adjacent cells, adjacent cells utilize different frequencies for communication 
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between units and their respective cell access nodes. In other words, adjacent cells operate at 
different frequencies so that a particular acquisition unit is only capable of transmitting to the 
cell access node assigned to its cell 

One drawback to the aforementioned seismic transmission systems of the prior art is 
that the failure of any one intermediate transmission station or cell access node will prevent 
communication with a plurality of seismic acquisition units. Furthermore, to the extent an 
individual unit is prevented from transmitting back to its respective cell access node due to 
factors external to the unit, the participation and operation of that unit within the array is lost. 
For example, a unit may lose radio contact with an access point due to a weak signal, 
weather conditions, topography, interference from other electrical devices operating in the 
vicinity of the unit, disturbance of the unit's deployment position or the presence of a 
physical structure in the line of site between the unit and the access point. 

Thus, it would be desirable to provide a communication system for a seismic survey 
array that has flexibility in transmitting signals and data to and from remote seismic units 
and a control and/or data collection station. The system should be capable of communication 
between functional seismic units even if one or more intermediate stations fail to operate 
properly. In addition, the system should be capable of communication between functional 
seismic units even if a change in environmental or physical conditions inhibits or prevents a 
direct transmission between a remote unit and its control station. 

SUMMARY OF THE INVENTION 

The method according to the invention transmits radio signals between individual 
seismic acquisition units in an array, such that the transmissions can be passed in a relay 
chain through the array of seismic units. Multiple seismic acquisition units within the array 


are capable of passing transmissions to multiple other seismic units. More specifically, any 
one seismic acquisition unit in the array is capable of transmitting radio signals to several 
other seismic acquisition units positioned within radio range of the transmitting seismic 
acquisition unit. A network of radio-linked seismic acquisition units such as this permits 
seismic data transmission routes back to a control station to be varied as desired or needed. 
In other words, the transmission path utilized to transmit data from the individual seismic 
acquisition units in an array back to a control station may be altered. In transmissions up the 
chain, i.e., from the most remote seismic acquisition unit to the control station, each unit 
receives seismic data from a seismic unit "down" the chain and transmits the received 
seismic data up the chain along with receiving unit's locally stored seismic data. Preferably, 
as a transmission moves up the chain, it is bounced between seismic acquisition units so as to 
be relayed by each unit in the array. The specific transmission path, i.e., the chain of units, 
for any given transmission may vary between transmissions depending on overall system 
requirements. Control signals and the like can be passed back down the chain along the 
same or a different transmission path. 

The transmitted signal strength can be altered to adjust the transmission range for a 
transmitting seismic unit, such that number of potential receiving seismic acquisition units 
can be controlled. In one embodiment, each seismic acquisition unit is omni-directional in 
its transmission and is capable of linking to all units within a 360° range around the 
transmitting unit. Alternatively, a transmitting seismic unit may utilize a directional antenna 
such that transmissions are made only to one or more seismic acquisition units in a limited or 
single direction or more limited range of transmission. 


Preferably the individual seismic acquisition units are wireless and require no 
external cabling for data transmission or unit control. Such units may contain a battery, a 
short-range radio transmitter/receiver, a local clock, limited local memory, a processor and a 
geophone package. In one embodiment, each unit may include a short-range radio 
transmission antenna molded or otherwise integrated into the casing of the unit. In another 
embodiment, each unit may include external spikes that are used not only to couple the unit 
to the earth, but also as a conductive conduit through which the unit's batteries can be 
recharged. 

At least one and preferably a plurality of seismic acquisition units in the network are 
located in the proximity of the control station so that the network can utilize short-range 
radio frequency to transmit seismic data all the way back to the control station. In another 
embodiment of the invention, the control station is remotely located from the seismic units 
and one or more concentrators are located in the proximity of the seismic acquisition units of 
the network so that the network can utilize short-range radio frequency to transmit seismic 
data to the concentrators. The concentrators, in-turn, can store the seismic data and/or 
transmit it back as desired to a control station. 

Such a concentrator may include a long range transmitter/receiver for communicating 
with a control station, a short range transmitter/receiver for communicating with the seismic 
acquisition unit network, mass memory for long-term storage of the collected seismic data 
from the network, a power source, a local clock and a processor. In one embodiment, the 
concentrators may communicate with the control station via telemetry cable, while 
communicating with the seismic acquisition network via short range transmission. 


[16] 


Within the transmission network, there are multiple transmission paths from the most 


remote unit to the control station/concentrator. The particular transmission path to be used 


for any given transmission will be determined based on the strength of the signal between 


communicating units, the operational status of a unit and path efficiency. 


5 

[17] BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top view of a seismic acquisition array illustrating possible transmission paths between 
seismic acquisition unit strings in the array. 
10 Fig. 2 is a top view of a seismic data transmission path utilizing seismic acquisition units. 
Fig. 3 is an elevation view of a seismic acquisition unit of the invention. 
Fig. 4 is a cut-away top view of the unit of Fig. 2. 


DESCRIPTION OF THE PREFERRED EMBODIMENTS 


15 [18] 


In the detailed description of the invention, like numerals are employed to designate 


like parts throughout. Various items of equipment, such as fasteners, fittings, etc., may be 


omitted to simplify the description. However, those skilled in the art will realize that such 


conventional equipment can be employed as desired. 


[19] 


With reference to Fig. 1 , there is shown a seismic data transmission network 1 0 of the 


20 


invention. Transmission network 1 0 is comprised of a plurality of seismic acquisition units 


12 spread out in a seismic array 14 and controlled by control station 16. Array 14 is formed 


of multiple lines 18 of acquisition units 12. Radio transmissions, and in particular, seismic 


data, are passed from seismic unit 12 to seismic unit 12 as the transmission is bounced 


through the network 10 to control station 16. In one embodiment of network 10, 


25 


concentrators 20 are disposed between array 14 and control station 16. While the invention 
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will be described in more detail with references to transmission of seismic data, those skilled 
in the art will understand that the invention encompasses any type of transmissions from a 
seismic unit, including, without limitation, quality control data. 
[20] Each acquisition unit 1 2 has an omnidirectional transmission range 22 and can form a 

5 wireless link 23 with multiple acquisition units 1 2. As shown, within the transmission range 

22 of a unit 12, there are multiple other units 12 capable of receiving the transmission, in 
essence forming a local area network comprised of acquisition units 12. For example, unit 
12a has an omnidirectional transmission range 22a. Falling within the transmission range 
22a of unit 12a are seismic acquisition units 12b-12g. With the flexibility to transmit to 

10 multiple acquisition units 12 each having the ability to receive and transmit seismic data to 

multiple other units 12 within the array 14, each unit 12 within array 14 is presented with 
multiple paths for communicating seismic data back to control station 16. For example, unit 
1 2 * can transmit data back to control station 1 6 by sending it along path 24, along path 25 or 
along some other path as determined by the requirements of network 10. 

15 [21 ] In another embodiment, a transmitting seismic unit 1 2 may utilize directional radio 

antenna or antenna array such that transmissions are substantially unidirectional and made 
only to one or more seismic acquisition units 12 in a limited direction. It is common in the 
art to utilize phased antenna arrays-an array consisting of two or more antenna's-to achieve 
transmission directionality and gain improvement. In these types of antenna arrangement, 

20 various adjustable antenna parameters, such as phase, can be altered to control directionality 

and gain, and hence, transmission range. Thus, for purposes of this description, 
"unidirectional" means a transmission with a higher gain along one axis or in a limited 
direction, whereas "omni -directional" means a transmission with generally the same gain in 
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substantially 360°. This will maintain the flexibility to transmit to multiple units in the 
direction the transmitting antenna is pointed, while reducing the number of path options that 
need to be processed by the overall system, thereby multiple paths to be transmitted on the 
same frequency at the same time without interfering with one another. In addition, a higher 
gain in a single or limited direction can be achieved without the need for additional power, or 
alternatively, power requirements can be decreased, and thus battery life extended, while 
maintaining the same gain as an omnidirectional signal. 

In the illustration of Fig. 1, array 14 is shown as being comprised of three seismic 
acquisition unit strings 18a, 18b, and 18c. Each string 18a, 18b, and 18c illustrates a 
different potential transmission path defined by wireless links 23 between the units 12 within 
a string. Those skilled in the art will understand that the indicated wireless links 23 are for 
illustrative purposes only and, for purposes of the invention, a "string" 18 of seismic units 12 
for a particular transmission path is defined by the selected transmission path by which data 
is communicated from one unit 12 to another. Thus, for any given array 14, a "string" of 
units may be constantly changing between transmissions. Such an arrangement permits 
transmissions to be re-routed in the event of some failure of a unit 12 within the string. 
Likewise, transmissions can be re-routed in the event of a weak signal between units 12 or to 
overcome topographic or other obstacles that could interfere with short range, line of site 
transmissions. Furthermore, in addition some failure of a unit, it may be desirable to reroute 
a transmission simply because of the operational status of a unit. For example, a unit with 
lower battery power may be utilized downstream at the end of a string and avoided as a 
transmission relay further upstream in order to conserve the unit's batteries, i.e., upstream 
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relay units require more power to relay the transmission because of the cumulative size of the 
transmissions. 

In the event multiple adjacent strings are desired, radio transmission parameter 
assignments may be made to minimize interference with other transmissions and permit 
reuse of the same transmission parameters. For example, string 18a may transmit data at a 
first set of radio transmission parameters while string 18b may transmit data at a second set 
of parameters. Since the transmissions from a sting 18 are short range, it may only be 
necessary for adjacent strings to utilize different transmission parameters. In this regard, the 
physical seismic unit layout of a portion of array 14 defined as a string 1 8 may be dependent 
on the short range transmission capabilities of the seismic units 12 in the adjacent string. 
Non- adjacent strings utilizing the same string are sufficiently spaced apart so as not to 
interfered with one another. In other words, string 18b is defined such that its width is 
sufficient to ensure that any transmission from a seismic unit 1 2 from string 1 8a transmitting 
with a certain set of radio transmission parameters will not be received by any seismic unit 
12 from string 18c set to receive transmissions using the same set of radio transmission 
parameters. Those skilled in the art will understand that there are many transmission 
parameters that can be adjusted in this regard, including the non limiting examples of 
frequencies, time slots, power, methods of modulation, directional antenna gain, physical 
spacing of units and strings, etc. Of course, interference between adjacent strings, as well as 
individual units, may also be minimized by making transmissions in discreet data packages 
sent in short transmission bursts. 

Furthermore, while three strings 18 are depicted to indicate possible transmission 
paths, system 10 can comprise any number of strings. The number of strings for any given 
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group of transmissions is dependent on the system requirements. For example, rather than 
multiple strings, each acquisition unit 12 in an array 14 may be utilized in a single 
transmission path such that the entire array 1 4 might be considered a "sting" for purposes of 
the description. Those skilled in the art will understand that the number of transmission 
paths and the number of acquisition units utilized for any given transmission may constantly 
be in flux to maximize the operation requirements for a particular transmission or group of 
transmissions. 

In each case, the transmitted signal strength of a seismic unit 12 can be altered to 
adjust the transmission range for a transmitting seismic unit such that number of potential 
receiving seismic acquisition units 12 can be controlled. 

At least one and preferably a plurality of seismic acquisition units 12 in network 10 
are proximately located to control station 16 so that network 10 can utilize short-range radio 
frequency to transmit seismic data to control station 16 from the seismic units 12. However, 
large amounts of data transmitted to a control station may be difficult to manage and 
typically requires high power, long range transmitters. Thus, in one embodiment of the 
invention, data is accumulated and stored at multiple, dispersed concentrators 20 remote 
from control station 1 6. By accumulating seismic data at concentrators 20, the need for radio 
licenses and other requirements associated with long range transmissions may be avoided. 
Concentrators 20 are located in the proximity of the seismic acquisition units 12 of the 
network 10 so that the network 10 can utilize low power, short-range radio transmission to 
transmit seismic data to the concentrators 20. The concentrators 20, in-turn, can store the 
seismic data or transmit it back as desired to control station 16. In one embodiment, 
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concentrators locally store seismic data but transmit quality control data received from the 
acquisition units back to control station 16. 

Much like the individual acquisition units 12, each concentrator 20 preferably also 
has a transmission range 26 that encompasses several seismic acquisition units 12. As within 
the array 14, transmission of data from a string 18 to the accumulator 20 may be made from 
a plurality of units 12. For example, accumulator 20a has an omnidirectional transmission 
range 26a. Falling within the transmission range 26a of accumulator 20a are seismic 
acquisition units 12h-12j. As such, any of acquisition units 12h-12j may transmit seismic 
data from string 1 8a to accumulator 20a. Thus, a failure of one of the acquisition units, such 
as 12h, would not prevent seismic data from string 18a from being passed up the line. 
Rather, the transmission path from string 1 8a to concentrator 20a would simply be rerouted 
through an operative acquisition unit, such as units 12i or 12j. Concentrators 20 may also be 
positioned so as to be within the short range transmission distance of adjacent concentrators. 

As described above, network 10 can function as either a one-way network, i.e., 
concentrators 20 are utilized only to receive seismic data transmitted from array 14, or a two- 
way network, i.e., concentrators 20 transmit command signals out to array 14 in addition to 
receiving seismic data transmitted from array 14. 

In another configuration, seismic data is transmitted back from array 14 utilizing the 
network of linked seismic acquisition units 12, but control signals are transmitted directly to 
each acquisition unit 12 from either the control station 16 or an associated concentrator 20. 
In such case, an acquisition unit 12 may be capable of receiving long range transmissions 
directly from a distant source with sufficient transmission power for such communications, 
i.e., control station 16, an associated concentrator 20 or radio repeater stations utilized to 
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extend range, even though the acquisition unit 12 itself is only capable of short range hopped 
transmissions for sending seismic data back to the control station or concentrator. 

Transmissions to control station 16 from accumulators 20 or acquisition units 12 may 
also include global positioning system ("GPS") or other survey information to establish the 
location of a particular unit 12 for purposes of the shot and for purposes of retrieval. This is 
particularly desirable for wireless units as described herein since it may be difficult to locate 
such units upon retrieval. GPS survey information may also be usefiil in selection of a 
transmission path within an array as described above. 

In operation, a preferred transmission path may be preset in units 12 or 
predetermined. Likewise, alternate transmission paths may be preset in units 12 or 
predetermined. These preset paths, as well as the number of paths required for a particular 
array 14, are determined based on the volume of the data to be transmitted, the data 
transmission rates, signal strength and the number of "real time" radio channels having 
different transmission parameters such that the radio transmission channels are non- 
interfering, battery power, location of the unit, etc.. 

Prior to a transmission or a set of transmissions along a string, a beacon signal may 
be utilized to verify the preferred transmission path in much the same way as an ad hoc 
network or peer to peer network identifies systems within the network. Alternatively, rather 
than transmitting data utilizing a preset or predetermined path, the beacon signal may be 
used to establish a transmission path utilizing the above described parameters. If a beacon 
signal is transmitted and the preferred transmission path is not available, system 10 will 
search for another transmission path through the seismic units. In one embodiment, the 
beacon signal is transmitted and the local units within range send a return signal 
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acknowledging their receipt of the beacon signal. Once a path is verified or established, as 
the case may be, the path may be "locked in" for purposes of the particular transmission so 
that system 10 will not continue searching for another path. The beacon signal may be 
generated from within the array 1 4 by the seismic units themselves or initiated by the control 
station or concentrator. 

A synchronization signal may also be used to synchronize the recording time for the 
units of system 1 0 by establishing a future time t(0) at which trace recording by seismic units 
12 is to begin. In contrast, the prior art typically sends out a pulse signal that immediately 
triggers recording by each seismic unit at the time it receives the signal such that prior art 
seismic units located closer to the signal source begin recording earlier than seismic units 
more remote from the signal source. In a preferred embodiment of the invention, all seismic 
units 1 2 may be set to start recording at a specific clock time, such that data transmitted back 
through network 1 0 is time stamped based on the synchronization shot time. In this regard, 
all data is time synchronized regardless of the transmission path utilized by the network or 
the period of time the network takes to transmit the data through the network. 

In this same vein, it is also desirable to ascertain the data delay along the path based 
on master clock time so that data that is not time stamped can be synchronized with the data 
from other seismic units. The described network 10 permits data to be retrieved via radio 
transmission in real time or near real time. 

While the invention has been described in its broadest sense as possessing the 
flexability to alter data tranmission paths, i.e., each unit has wireless links with multiple 
other units, in order to convey acquired seismic data from an array of acquisition units back 
to a control station or concentrator, it is also true that none of the prior art transmission 
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systems utilize seismic data acquisition units as intermediate transmission devices. Thus, 
one aspect of the invention as illustrated in Fig. 2 is the use of seismic data acquisition units 
12 themselves, configured in a predetermined string, as intermediate devices for passing 
transmissions from a seismic unit in the string to a control station. In this regard, a string 40 
5 of seismic units 42 is predetermined and defined by an outermost unit 42a and a plurality of 

intermediate units 42b through 42i. Each unit 42 in string 40 has a wireless link 44 within its 
transmission range 46 only with the units directly up and directly down the string. For 
example, sesimic unit 42g is only capable of communication with sesimic units 42f and 42h 
via their respective wireless links 44 because only units 42f and 42h are within the 

10 transmission range 46 of unit 42g. Upon acquisition of data, unit 42g will transmit the 

acquired data up the string to 42h, along with any data received by wireless transmission 
from 42f. All sesmic data from the units 12 comprising string 40 will be conveyed up the 
string to control station 16. Control station 16 can likewise utilize the seismic units 12 to 
pass control and command signals back down the string. 

1 5 [36] As mentioned above, one benefit of the invention is the ability to utilize flexible transmission 
paths that can be readily changed based on various internal and external parameters effecting 
the network. This flexability also renders the network itself much more reliable. Preferably, 
transmission paths can be established and/or rerouted on-the-fly based on these parameters. 
Another advantage of the system is that it utilizes less power in tranmitting a signal over a 

20 given distance via multiple short transmissions than would be required of a single 

tranmission over the same distance. In other words, because the power required to transmitt 
a signal decreases as one over the square of the tranmission distance, it is much more optimal 
to tranmit a signal in several short hops than it would be to tranmit the same signal over the 
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same distance in a single hop. This is true even of low power, short range transmissions. Of 
course an additional avantage of the system of the invention is that it avoids the need to 
acquire long range radio tranmission licenses. Finally, unlike the prior art, the system of the 
invention eliminates the need to physically locate a concentrator or similar device in the 
middle of a seismic array, nor utilize the concentrator to sort and organize multiple seismic 
data transmissions incoming directly from individual seismic acquisition units. 

Turning to the individual seismic acquisition units as illustrated in Figs. 3 and 4, each 
unit 12 is preferably wireless and requires no external cabling for data transmission or unit 
control. Each unit 1 2 may contain a battery 30, a short-range radio transmitter/receiver 3 1 , a 
local clock 32, limited local memory 33, and a processor 34 housed within a casing 35. A 
geophone package 36 may be housed within the casing 35 or externally attached thereto. 
Any standard short range radio transmission equipment may be utilized. One non-limiting 
example being wireless fidelity ("Wi-Fi") equipment, where transmission parameters maybe 
selected to provide signal carrier modulation schemes such as complementary code keying 
(CCK)/packet binary convolution (PBCC) or direct sequence spread-spectrum (DSSS) or 
multi-carrier schemes such as orthogonal frequency division multiplexing (OFDM) and code 
division multiple access (CDMA). Local memory capacity is preferably limited since local 
seismic data is only retained for a short period of time. Further, because the unit 12 need 
only transmit a short range signal, power requirements for the unit are minimized in contrast 
to the increased power requirements necessary to transmit a stronger signal to a more distant 
receiving device. By reducing the memory requirements, the transmission requirements and 
the battery requirements, the overall cost, as well as the physical size and weight, of each 
unit is minimized. 
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While each unit may include an antenna, attached via an external connector, in one 
embodiment of the invention, each unit 12 may include a short-range radio transmission 
antenna 36 molded or otherwise integrated into the casing 35 of the unit. This eliminates the 
need for an external connector. Each unit 12 may also include radio frequency identification 
or similar identification indicia, such as a bar code. Finally, each unit 12 may include a 
receiver for receiving long range radio transmissions directly from a control station or 
concentrator as described above. 

In another embodiment, each unit 12 may include external projections or spikes 37 
that are used not only to couple the unit to the earth, but also as an electrically conductive 
conduit through which the unit's internal batteries 30 can be recharged. Such a configuration 
minimizes the need for external connectors which are known in the industry as a source of 
various problems such as corrosion, leakage, etc. or alternatively, the need to otherwise open 
the sealed unit. While any shape, length or number of projections or spikes may be utilized, 
one preferred configuration utilizes three spikes that can also be utilized to couple the unit to 
the earth. In a three spike configuration, two of the spikes are connected to the battery 
through a relay or similar mechanism. The third spike would be used to control the relay. 
During charging, the relay would be closed; after charging, the relay would be open to 
prevent battery discharge. 

Concentrator 20 (not shown) may include a long range radio transmitter/receiver for 
communicating with a control station 16, a short range radio transmitter/receiver for 
communicating with the network of seismic acquisition units 12, a power source, a local 
clock and a processor. In one embodiment, concentrator 20 functions simply as an 
intermediate long range receiver/transmitter to relay short range transmissions from the 
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network of seismic units 12 to the control station 16. In another embodiment, concentrator 
20 is provided with mass memory for storage of seismic data transmitted from the network 
of seismic units 12. In either embodiment, concentrator 20 may relay control signals and 
other transmission from the control station 16 back to the network of seismic units 12. In 
5 this same vein, concentrator 20 may be disposed to function as a local control station for a 

network of seismic units 12. While the preferred embodiment utilizes radio frequency for 
transmissions between concentrator 20 and control station 16, transmissions therebetween 
may also occur through various other transmission vehicles, such as telemetry cable or optic 
cable. 

10 [41] While certain features and embodiments of the invention have been described in 

detail herein, it will be readily understood that the invention encompasses all modifications 
and enhancements within the scope and spirit of the following claims. 
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